Introduction
Protozoa are among the more interesting forms that may be used in the classroom at almost any level of biological study. They show such a wide variation in form and structure with so many specialized structures that they instantly attract the interest of even the most lethargic student. Their wide use in many fields of basic biological research, their growing importance as test organisms for many recent advances in vitamin metabolism, photosynthesis, and pharmacology-to name only a few areas of importance-offer many opportunities to awaken student interest in biology.
Collection of protozoa is possible from almost any conceivable habitat. Any hay infusion set up in the laboratory will yield many different types of protozoans. Mlud collected from ponds, streams, and even transient bodies of water will produce forms after being kept for a short period of time in the laboratory. Plant debris, vegetation, and other materials may be collected and brought into the laboratory. The plankton protozoa may be collected by use of special collecting nets, and water may be filtered or centrifuged to obtain many minute forms.
In all of the above mentioned collections the protozoa may not become very abundant unless some additional food or nutrient material is added, and in any case, an impure culture consisting of many mixed species is obtained. A considerable amount of time is required to develop pure cultures of any desired species from such a basic culture source, and even then any pure culture will not remain in that condition for any length of time. Therefore, most instructors find that it is desirable to purchase cultures of needed species.
The purpose of the brief directions on culturing that follows is to acquaint the instructor with simple methods that can be followed in maintaining the common laboratory species for relatively long periods of time for class study. The methods presented have been picked because of their ease of operation, relatively satisfactory application to a wide range of forms, and because they are generally suited to the minimum conditions under which instructors can carry on the cultures.
General Considerations
In all of the culture methods described below certain general considerations must be kept in mind. The application of these general principles will go far to assure success with any of the proposed culture methods.
1. Temperature is a very vital factor in determining the length of life of any culture. Almost all free-living protozoa can be maintained satisfactorily over the average range of room temperatures; i.e., between 65-760 F. Specific optimum temperatures or deviations from this average are noted in specific cases. At temperatures below 530 F. growth ceases and the culture deteriorates; above 860 F. rapid destruction of the culture is evident.
2. Light is not necessary to most protozoa. This is particularly true of Paramecium (except bursaria) and the amoebas. These may be grown in darkness, and diffuse light is far more satisfactory than direct light. Cultures should be placed either in darkness or on the side of the room farthest away from windows. In the case of chlorophyll bearing forms such as Paramecium bursaria, Volvox, Euglena, and others, light from a north window is satisfactory. They should not receive direct light from windows facing other directions. In the 7. In all cultures a source of food for the organism under culture must be maintained. For "impure species cultures" this may be other smaller species of protozoans such as Chilomonas, Colpidium, and in some cases Paramecium. In some cases, the culture media is devised so that a rapid growth of bacteria will take place. This is true of many ciliates such as Paramecium, Blepharisma, and Spirostomum.
Impure species cultures for our purposes may be defined as those cultures that have the desired species as the predominant form with other organisms present as food. In order to maintain this desired balance, subculturing is necessary at regular intervals, and grossly contaminated cultures must either be re-cultured or discarded.
Amoeba proteus
Amoeba is best cultured in finger bowls 4?2 x 2 inches. These may be stacked and the top bowl allowed to remain empty or covered with a glass plate. Each bowl is filled with 150 ml. of distilled water and four grains of polished rice (minute rice as purchased in any grocery store) are added. Add approximately 2 ml. of Chilomonas from a well developed culture and inoculate with 50 Amoeba proteus.
At the end of two weeks, the culture should be ready for subculturing. This may be done by dividing the initial culture into a total of four bowls. Bring the volume up to 150 ml. in each bowl with distilled water and add more Chilomonas for food unless the growth of this species has been excessive. If subculturing is not desired, pour off half of the original solution at the end of two weeks and add fresh distilled water. Add more Chilomoonas if necessary. Growth of mold on the rice grains is not detrimental to Amoeba. In heavily populated cultures, the Amoeba will be found around the mold on the rice. New cultures may be initiated by placing a rice grain with amoebae in a new culture dish. Examination of the culture may be made under a binocular dissecting microscope.
Another very satisfactory and universally used medium for Amoeba is a follows: Heat spring water to boiling and pour 200 ml. into each finger bowl while hot. Add to each 200 ml. of water 4 wheat grains that have been previously boiled for 5 minutes. When cooled to room temperature inoculate as above. Distilled water may be used in this method instead of spring water.
Chalkley's medium also serves as a widely used and more refined medium for culture of Amoeba. This consists of NaCL, 0.1 g.; KCL, 0.004 g.; CaCl2, 0.006 g. in 1,000 ml. of distilled water. Place 200 ml. of this solution in finger bowls and add either rice or wheat grains as described above. Inoculate as given above and continue culture method.
Pelomyxa carolinensis
Pelomyxa carolinenisis, often referred to as Chaos, is the largest of the amoebas and highly desirable for class study. In shipping it often tends to fragment and arrives as a large number of small amoebae. The same condition may be observed in cultures that are subject to rough handling in feeding and observation. Allowing cultures to remain relatively undisturbed for a period of three or four days will result in the individuals attaining a large size.
For proper culture of this species abundant food in the form of Paramecium and/or other ciliates must be available. This species should be reared in laboratory finger bowls as for Amoeba. Place 200 ml. of distilled water into each bowl and add 2 to 4 uncooked rice grains as for Amoeba. Feed daily if necessary or at least several times a week with Paramecium or other ciliates.
Chalkley's medium may also be used with rice grains added. Food may consist of December, 1960 Chilomonas or other ciliates. A simple method that is widely used is to inoculate the Pelomyxa into finger bowls that contain rich cultures of Paramecium. Within about four weeks the Pelomyxa will need to be subcultured.
Pelomyxa is very susceptible to environmental conditions. A temperature of 680 F. is optimum for growth. A slight elevation of temperature to as low a figure as 720 F. generally results in deterioration of the culture. Excess concentration of organic matter or any great change in pH from 7.4 is also detrimental. Following the method outlined, using distilled water and rice grains, subcultures usually can be made every two weeks.
Other Sarcodina
Other members of the class Sarcodina that are usually cultured in the laboratory include Arcella, Difflugia, Actinosphaerium, Actinophrys, Centropyxis, and various amoebas and related forms that may be obtained from collection.
In all of these cases the use of laboratory finger bowls are recommended because of the reasons aforestated. In some situations the larger sized finger bowls may prove just as useful provided the depth of the fluid medium remains approximately the same as in the smaller bowls.
s-~~~~~~~~- Another satisfactory method is to add 4 boiled wheat grains to 100 ml. of boiled pond or spring water in a culture bowl. If desirable, rice grains may be substituted for the wheat grains. In either case, as well as with Knop's solution, either of these species must be fed some other protozoan. For Actinosphaerium, it is recommended that Paramecium be used for food adding a large number of individuals as needed. For Actinophrys, a smaller ciliate such as Colpidium is desirable. Subcultures of Actinosphaerium should be made every two weeks, and in the case of Actinophrys, subcultures should be made monthly.
Centropyxis is best reared in a hay-wheat medium as recommended for Arcella. In some cases better results may be obtained by increasing the amount of hay to 1 g. and the number of wheat grains to 3 or 4. A slight amount of clean sand on the bottom of the bowl will also aid in the development of the test that contains fine sand grains or diatom shells.
Chilomonas
This colorless flagellate has a saprozoic form of nutrition and is widely distributed in stagnant water and hay infusions. Because of its small size, and ease of cultivation in large numbers, it is used extensively as a food organism for many other protozoans under culture. It can be obtained by bringing in water and vegetation and letting this material stand in the laboratory. This wild culture may be enriched by adding wheat grains or some other form of nutriment to the water-vegetation material.
The simplest method for culturing this species is the use of a wheat infusion made by adding 4 to 6 grains of wheat to 100 ml. of boiled pond water. Another very simple method for those who prefer the typical infusion technique is to add 10 g. of timothy hay to 1000 ml. of distilled or spring water. Boil for 10 minutes, allow to cool, and inoculate with Chilomonas.
Euglena
The members of this genus are widely distributed in freshwater ponds and streams that contain considerable organic debris. They may be found in abundance in stagnant pools and in the scum covering the surface of ponds. During the year they show their greatest abundance in June, July, and August. While almost all species may be cultured readily, the one usually used for classroom work is the common Euglena gracilis.
The simplest method for culturing Euglena that is applicable to many species is that given by Johansen (1940). The split pea infusion is made by boiling 40 split peas (yellow seem to give best results) in one liter of tap water. Add enough citric acid to prevent excessive bacterial growth. We have found that distilled, spring, or pond water works equally well, and in some cases, better than tap water. In addition, the citric acid is often unnecessary. To prepare this solution, divide one liter of distilled water into four parts of approximately 250 ml. each. After dissolving each of the chemicals noted above in one portion of the water, combine into one volume adding the calcium nitrate last. Mix thoroughly after combining each part. To the combined solution add one drop of a 1 % ferric chloride solution that has been freshly made. This solution may be used in any dilution that is most satisfactory from full strength to 1:10. The lower dilutions appear to be the most satisfactory.
As a general rule, the addition of iron to these nutrient solutions should be made every ten days in summer and once a month during the winter. Our experience has been that Chiamydomonas will do best either in the commercial fertilizer solution or in a 1: 10 Knop's solution. Volvox grows very well in the solution of Uspenski and Uspenskaja and in Knop's solution. The other genera mentioned grow equally well in any of these solutions.
Paramecium
Paramecium, like most of the ciliates, are bacterial feeding protozoans. The basic requirements of a good culture medium for this species is one that will enable a sufficient quantity of bacteria to develop so as to support optimum growth of the desired population. For containers either small finger bowls or battery jars are recommended. Again it should be pointed out that cultures in finger bowls are easier to handle and can be better regulated than those in battery jars. If purchased cultures are used for this demonstration they should be used within 24 hours of delivery. Two days should be allowed for the demonstration as conjugating pairs will usually show up to best advantage on the second day. The culture dishes used for this demonstration should be kept in the sunlight or where they receive some sunlight. In order to prevent evaporation, the use of some type of moist chamber is recommended. In mixing the cultures be sure to come as close to equal proportions of the two cultures as possible and use separate dropping pipettes for each culture so as to avoid contamination.
Other Ciliates Most other ciliates that are of interest in the school laboratory may be cultured by modifications of either the wheat or the hay infusion. In order to obtain cultures that are rich in bacterial growth and capable of supporting rapid growing populations of Paramecium and other forms, a common nmethod is to place 200 ml. of distilled water into a finger bowl and add 4 grains of wheat and 12 to 15 pieces of timothy hay. Both the wheat and hay having been previously boiled as described above. This medium is ready for immediate inoculation with the desired organism.
Blepharisma, the peach colored ciliate, may be cultured in 200 ml. of distilled water to which 10 to 12 grains of wheat have been added. Subculture in 4 to 6 weeks. Colpidium, Colpoda, Euplotes, Spirostomum, Stentor, and Vorticella may all be cultured by use of the wheat medium as given for Paramecium. In the case of Spirostomum the addition of Chilomonas as a food organism is recommended. Also Stentor will grow exceptionally well in a mixed protozoan culture either in finger bowls or battery jars. It may also be cultured by feeding regularly with Paramecium, Euplotes, or Chilomonas.
The culture of Didinium can best be done by feeding this carnivorous ciliate on Paramecium. The Didiniumi should be cultured in fresh pond or spring water and fed Paramecium that have been collected from the top of battery jar cultures so as to avoid the introduction of too much culture fluid. Subculture every 2 weeks. Didinium quite often encysts, and the dried cultures are usable.
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The methods for culturing protozoa are many and varied, depending upon the use one wishes to make of them and the requirements of the situation. The methods briefly outlined here are those that are relatively simple to use and easy to prepare. Following the directions carefully should enable the instructor to maintain impure species cultures for relatively long periods of time under average laboratory conditions.
For those who wish to prepare more carefully controlled cultures, or for those who need to be more specific in their requirements, the following list of references is appended. 
